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ABSTRACT

Variation and shift in the seasonal pattern of the hydro-climatic factors is probably because of climate related
changes. Rainfall, river inflow, snowmelt, and consequent fluctuation in water level are the hydro-climatic factors
that influence the inland fisheries production worldwide. Increase in rainfall and water level favours the
reproduction, recruitment and immigration of fish in the inland reservoirs. However, heavy rainfall and increased
water level reduces the fish catch and the catch per unit effort (CPUE) significantly. During rainy season fish
migrate to the newly inundated areas and shallow peripheries and escape from fishing gear because of the water
level rise in the inland reservoirs. Reduction in CPUE also justify by the reduction in the number of fishers, boat,
nets and fishing duration in the rainy days. Fingerling stocking and ceasing of fishing activities in rainy season are
the common management practices in tropical countries like Si Lanka. Climate change and consequent irregular
rainfall pattern interrupt the inland fisheries production and management in capricious nature. Understanding the
influences of climate changes in the hydro-climatic factors and predicting the future changes by modeling in a
rational manner is mandatory for sustainable inland fisheries production.

Keywords: Rainfall; Water level; Inland fisheries.

INTRODUCTION

Inland fisheries are distinct from marine fisheiiiesheir nature and hydro-climatic factors thdtuance its special
and temporal distribution. Although commerciallgtansive fisheries exist, inland fisheries are galhe

characterized by small-scale/household-based #tetivi Production and catchability of fish in maaguatic

ecosystems varies considerably as a result of sahsannual, inter-annual and decadal variability their

environment, known as climate variability [1]. @hkte change is a significant and lasting changeednstatistical
distribution of weather patterns over periods raggirom decades to millions of years. It may behange in
average weather conditions, or in the distributadnweather around the average conditions and fectsf the

survival, growth, reproduction, and distributionindividuals within a species, but impacts can &lsshown at the
level of populations, communities, or entire ectsyss [1]. Impacts of climate change on aquaticsgsiems and
associated livelihoods are affecting, and the psepaf this review is to provide information regaglithe hydro-
climatic factors and its influence on inland fiskerproduction.

Comparatively inland fisheries production is lesmdll-scale) than marine fisheries production. 012 inland
capture fisheries production was 11.6 million tamsl marine was 79.7 million tons [2]. Small-sciidberies are
gaining more global recognition as being integoagitowth but also highly vulnerable to impacts édkto climate
change. Especially inland aquaculture and cagisheries production depend on the hydro-climatituences.
Commonly, heavy rainfall and the onset of waterlaise in the inland reservoirs are the positivescfor the
reproductive biology of fish. Considerable shiitthe seasonality of hydro-climatic factors in atipgalar year
affect the sustainable inland fisheries management.
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2.0 NATURE OF HYDRO-CLIMATIC FACTORS

Major hydro-climatic factors of inland waters arainfall, river inflow, snow melt and the water léva&f the

reservoirs and other inland water bodies. Raingathe elementary hydrological factor affectingvlaole chain of
hydrological events, via runoff and river inflow take level [3]. There are several other factorshsas air
temperature increases (global warming), cloud cogeaporation etc. affect these hydro-climatic destdirectly
and indirectly. Anthropogenic activities like gdtion, hydro-electricity, damming etc. also infige the hydrology
especially on the water level of the inland watéakes and reservoirs). Seasonal variation in dnplimatic factors
tends to influence both catch and productivitytef teservoir [4]. Engagement of part-time fishieragricultural

and full time fisher’s harvesting activities depsrmh the rainfall and other hydro-climatic condito

Daily rainfall data can be summed to obtain tog&hfiall of each month and daily water level data ba averaged
to obtain the monthly mean water levels. Thesarpaters can be used as the independent hydro-difaetors in

tropical low land reservoirs. Based on rainfallofithly total), heavy, medium, low and very low deas of the
year could be categorized by using moving averaghniques [5]. Similarly water level based quartansl

semester wise categorizations (six month movingaaes) can be used to analyze inland fisheriesugtimh.

2.1 World perspective

Over 75 % of earth surface is covered by water eimearine and inland fishery production plays a il role
in protein consumption globally. In 2012 Globalantl waters capture production reached 11.6 milians [2].
Inland fisheries in Asia are highly exploited anavé very little room for expansion by better mamaget. In
Africa is still below the level experienced in Adieence there still may be some potential for exjpans The
economic value of small-scale fisheries in Africaulcl be doubled or tripled simply by improving pbtsirvest
processing techniques. In Latin America, fishedpgpear relatively less heavily exploited than siad with few
signs of fishing down at the community level, aliph some individual stocks are under pressurendhl@sh
resources in Europe, North America and Australa exploited more for recreational than consumpgivgposes,
and often managed to meet conservation objectéjes [

In Africa most of the inland water bodies are hjghilinerable to the climatic perturbations everasehgreatly
influenced ecology, natural resources, and thudilisods. The main threat to Lake Chad in Africa ¢he people
living in its basin is drought. However, the capado tackle and manage climate-related threatsarmpered by
poverty, weak political and economic stability, pdaostitutional capacity, and a limited knowledgasb and
information.

Couple of decades before, southern Africa has épezd a series of serious droughts which alsalgriedluenced
the water levels of Lake Kariba which is locatetideen Zambia and Zimbabwé.he hydrological regime of Lake
Kariba, especially water level fluctuationand the resultant nutrient inputs are importantpiomoting fish
production.

2.1 Sri Lankan perspective

Sri Lanka is a tropical country which has the wirldighest land: water body ratio. Total freshwagsources of
the country are around 201,832 ha, which is evereasing due to the construction of large and sresakrvoirs,
mostly in the wet zone of the country in the reqeast [7]. Considerable fluctuation of water leweshallow waters
is a typical characteristic of the irrigation ressrs in Sri Lanka [8].

There was a significant and positive correlatipr0(59, p <0.05) between monthly total rainfall amdnthly

average water level where linear regression shah&dincrease in monthly total rainfall by one mmsrease the
water level significantly by about 1.55 cm foundSorabora reservoir, Sri Lanka in 2007 [5]. Movangerages of
monthly total rainfall data showed that Novembedanuary quarter received the highest mean raioff&04.7 mm
per month. Variation of water level in Soraborsamoir closely follows the rainfall pattern. Atldnal increase in
water level is partly due to the inflow of exceamrwater from the catchment area, tributariesaals[5].

Regional hydro-climatic fluctuation is responsilite changes in the fisheries production in Vavunigak, Sri
Lanka as well. Influences of rainfall changes @ fproduction in this reservoir is important besalt was
completely dried out since June to September 201R partially dried in August to September 2014.sThias
mainly due to irregular rainfall pattern and contesedraining for agriculture, by using water punapsl tractor
(Fig. 1). Subsequently it got refilled by monsola@éns received from October 2012 onwards [9].
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Fig. 1: Over extraction for irrigation from dead storagein Vavuniyatank, Sri Lanka

Consequences of irregular rainfall pattern shiftexlheavy rainfall based quarter to the Februarsit&parter from
November-January quarter in 2013 resulted low fistduction. August—October and November-Januaryteusa
received low (99.5 mm/month) and lowest (45.0 mmuthp rainfall respectively in Vavuniya District, Kbern
province, Sri Lanka [9]. Hence, seasonal variatiotihe hydro-climatic factors plays a major roldnland fisheries
production. Understanding the influences of changégdro-climatic factors in seasonal, annual enter annual is
mandatory for the sustainable management practices.

3.0 IMPACT OF CLIMATE CHANGE ON INLAND FISHERIES

Climate change is predicted to have major impant$ish production [1], potentially influencing tleconomy of
many developing nations worldwide [10]. Climateanbe has both direct and indirect impacts on fisbks that
are exploited commercially. Direct effects occdrtbrough reduced rainfall and greater evaporatidndirect
effects when more water is used for irrigation tdabce reduced rainfall. This kind of same phermmmewas
observed in Vavuniya tank in Sri Lanka, 2013 (Rig.

Direct effects act on physiology and behavior alter ggrowth, development, reproductive capacitystaddy, and
distribution of fish community. Indirect effectiiex the productivity, structure, and compositidrtlte ecosystems
on which fish depend for food and shelter.

Many inland fisheries are threatened by alterationwater regimes that, in extreme cases, causéevidkes e.g.,
Lake Chad [11] and waterways to disappear. Thréataquaculture arise from)(stress due to increased
temperature and oxygen demand and decreased ipHjngertain future water supplyiii] extreme weather
condition, {v) frequent diseases outbreak and aquatic toxi¢iysea level rise and conflict of interest with dahs
defenses, andi( an uncertain future supply of fishmeal and aits1i capture fisheries [12] [13].

Inland fisheries are additionally threatened bynges in rainfall and water management. Some otliamges are
expected to have positive consequences for fistyation [14], but in other cases reproductive cédpas reduced
and stocks become vulnerable to levels of fishimag had previously been sustainable [15]. Locahetibns are
occurring at the edges of current ranges, partilyuia freshwater and diadromous species such lasosa[16] and
sturgeon [17]. Climate change can enable both ctitiygespecies, such as the Pacific oystéragsostrea gigas)
[18], and pathogenic species to spread to new afélanate change has been implicated in mass nitietabf
many aquatic species.
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Aquaculture poses some additional threats to cagisineries, and the development of aquaculturédcaffiect the
resilience of capture fisheries in the face of aliemchange [19]. There will also be some positiffeces due to
increased growth rates and food conversion effaén longer growing season, range expansion, lamdige of
new areas as a result of decrease in ice coverfr@figency and intensity of extreme climate evéntikely to have
a major impact on future fisheries production iteind fisheries. Reducing fishing mortality in thejority of
fisheries, which are currently fully exploited ovewexploited, is the principal feasible means afuang the
impacts of climate change.

4.0 RELATIONSHIP BETWEEN HYDROLOGY AND FISH BIOLOGY

The biology of fish in the inland water bodies &rghly influenced by prevailing hydro-climatic fltu@tion of the
region. These processes vary spacially and tenipo@pawning habits and natural recruitment of @asi fish
species seem to be influenced by the hydro-clinfatitors.

Variations in the intensity and duration of theoflis and the severity of draw-down conditions dulimg water
produce corresponding fluctuations in many biolabiparameters. Heavy rain causing flooding of strial
vegetation together with a change in water cheynisas been identified as ultimate cues for the sjagvof
cyprinids [20]. Gonad maturation and spawning afhown carp in Victoria reservoir, Sri Lanka to besitiely
correlated with rainfall were observed by Nathermad Edirisinghe who found that immature individualere
abundant during drier periods [21]. Horvath alsovedd that natural spawning of common carp is imfaesl by
water temperature, rainfall and flooding [22].

During drier periods, silt deposition is known tociiease mortality and decrease reproductive sud@3js
Recovery of the fish stock occurs typically duritig high water season, when fishing efficiencyow ldue to
dispersion of fish in newly inundated areas. Desekfish species seems to be more affected byxpansion of
water into shallow peripheries during heavy raiaysl The changes in the rainfall fluctuation siigaifitly (p<0.05)
influenced the species composition due naturalureoent and fingerling stocking in Vavuniya tankj Sanka.
Fingerling stockingand concurrent withdrawal from fishing activitiegrthg November — January is the common
practices in Vavuniya.

Climate change and consequent irregular rainfaliepa shifted the heavy rainfall based quarterhi® Eebruary-
April quarter (from Nov-Jan quarter) in 2013 in \tenya tank, Sri Lanka. This situation favoured itnational way

of fingerling stocking and fishing activities indatly. Fishermen continued fishing throughout tlearywhich not
allowed the stocked fingerlings to attain a suigadize. The maximum catch ©feochromis niloticus was found in
June and November but sudden drop occured in Bdptember and December. However, this phenominon
occurred in opposite manner fGhanna spp. andCirrrhinus mrigala in Vavuniya tank, 2013 (Patriak al., 2014).
Natural recruitment depends on hydro-climatic fegtover exploitation in some parts other year d¢dad avoided

by efficient management.

Most species in Lake Kariba have their highest akaativity coinciding with the rainy season (Novsmn-March)
when the lake is rising [24]. In year 1967 and@8ihall amplitude in lake water level (approximat2lm) with a
high potential fish production. However, very dreanplitude (6-8 m) in 1963 and 1969 were most ipbss
responsible for a great decline in the potentish fproduction, the destruction of numerous cichkdts. These
findings seemed substantiated by Jackson and Dignmab found that the 1958/ 1959 spawning of theilba
tilapia, Oreochromis mortimeri, shortly after the dam closure, was successfal poeviously unprecedented degree
due to an increased food production and improvedrjile refuges in the impounded areas [25, 26].

In Lake Turkana, Kenya, where Kolding also foundlpproduction years of tilapias associated withryed peak
rises in the lake water level and a much strongeretation between abundance indices and WL chatiuyes
absolute water level [27]. In order to achieve itieximum sustainable yield, rational understandegarding the
changes in hydro-climatic factors and its influecen the biology of local fish species is important

5.0 CATCHABILITY AND HYDROLOGY

Many studies have shown that the hydro-climatit¢diecsuch as rainfall and water level in the resieraffect the
catch per unit effort (CPUE) as well as effort shers [4, 28, 29]. Rainfall and wind associatéthwhanges in
water level, waves, turbidity and water chemistayénproven to affect catch per unit effort (CPUE)riany inland
reservoirs [4, 20, 29]. However, low rainfall cduhcrease the catch and the effort by decreasediler level.

Moses showed that there exists a negative reldtiprimetween the water level and catch per unitreffoNigerian
reservoirs, indicating the difficulty of catchingshi with expanded volume of water [4]. Kariba lakeAfrica,
inshore artisanal and offshore pelagic catch pet efiort time series fluctuate synchronously arftbw a
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remarkably high correlation with different time-tgag indices of water level changes, particularlyewgevel rises.
In contrast, there was a little or no correspondenith absolute water levels even during perioddrofight. This
finding seems to contradict earlier beliefs thatfuating lake levels have an adverse effect offisheries and that
the waters should be kept as stable as possiblgy Bleo recommended that, for Lake Kariba, “tworeseainnual
lake level fluctuation appears the most suitabtdisheries management” [30].

Clear seasonal pattern in the hydro-climatic vadesisuch as rainfall and water level are very gfiypmassociated
with the catch and effort statistics in the Sorabogservoir, Sri Lanka has come to light. Multipégression
analysis of both rainfall and water level signifilg influence the CPUE (p<0.05) and decrease itemigvel by
one meter increased the CPUE by 0.42 kg /fisheréaaly0.4 kg /boat/day, when other effects of rdlinfare held
constant in Sorabora reservoir, Sri Lanka [5].

Rainfall seems to influence the catch and effornintitude of ways. Rainfall tends to increase kaier unit effort
directly causing turbidity and waves in the aquatiedium, while decreasing the same by increasiegvdter level
of the reservoir. Distinct differences can be sasmng fish species with respect to seasonalityatth statistics
[5]. The effort statistics were also found to vayring the year with the rainfall pattern. Due he tpossibility of
high CPUE, more fisher tends to engage in fishictyies during the dry periods [31].

Complex effect of rainfall also cause unclear patteith CPUE. Heavy rainfall could decrease thé&cltaby

expanding water into shallow peripheries. In Ssinka especially in Vavuniya tank, Sri Lanka fishimgthe

inundated area is difficult because of the vegetatbver that obstructs the fishing vessel (Canpeyation. Usage
of inflated lorry tubes / heavy vehicle’s rubbebds (modified fishing vessel) is the fisher's stgpt to reach
shallow peripheries of the tank for fishing whea thater level exceeds fully supply level (Fig. 2).

Fig. 2: Usage of lorry tubes as smplefishing vessel in Vavuniyatank, Sri Lanka

According to the variations in the hydro-climatacfors the efforts and catches varies considerablgnce, the
catch was not distributed uniformly among the momiddendar year quarters and rainfall based quadéthe
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annum which was found to be significant for evargaes (p<0.05). When the monthly total rainfatireased, the
monthly total catch decreased in Vavuniya tank. ddieh was lowest (1 638 kg) in the heavy rairfabed quarter
(February- April), when compared to other rainfased quarters. August—October and November-Januaryers
received low (99.5 mm/month) and lowest (45.0 mmithp rainfall respectively. Fish production readhé@e

maximum level (4 676 -5 604 kg) when rainfall wasést (Fig. 3) [9].

6000
——J. niloticls

3000 —B—= stiiata

C mrigala
4000 \
\ ——Puntis sp.
3000 1 =t=L. rhohita
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Fig. 3: Fish catch with rainfall based quartersin Vavuniya tank, Sri Lanka, 2013

This kind of findings also observed in Soraboraeresir in Sri Lanka in 2007 where the rainfall seeto have a
direct as well as indirect influence on the catealistics. Water level of the reservoir is a bepedictor variable of
catch statistics. Many part time fishers involvingagriculture related activities are influencedrhinfall in many
different ways. Therefore effort statistics arerenmfluenced by rainfall when the role of part éifishers is high,
as there are definite seasonal patterns of catdheéfort statistics, reservoir management and prapmust be
conducted accordingly to achieve the highest sustdé harvest from the reservoir. Seasonal variaf hydro —
climatic factors must be considered when initiatiteyelopment programme in the reservoir.

CONCLUSION

Weather condition, seasonal fluctuation and clinthtenge are the external environmental factorsdhging the
dynamics of inland water bodies globally. Shiftlre seasonal variation of hydro-climatic factarsrsas irregular
rainfall pattern, inflow and water level fluctuatiaoccurring by means of climate related changesitbi®@ak of
human population and consequent anthropogeniciteesiare the major contributing cause for the alienchange.

There is a strong relationship between the hydroatic factors and inland fisheries production waride.

Seasonal pattern of the hydro-climatic factors emanging annually and inter-annually, due to thediand
indirect effect of climate change. Direct effecte aeduced rainfall and greater evaporation agploysiology and
behavior and alter growth, development, reprodectrapacity, mortality, and distribution of fish comnity.

Indirect effects when more water is used for itigato balance reduced rainfall which in turn dsadown in water
level even bellow the dead storage of reservoig.(B). These effects alter the productivity, stuoe, and
composition of the ecosystems on which fish dedendood and shelter. Rainfall tends to increaatlt per unit
effort directly in the aquatic medium, while desieg the same by increasing the water level oféiservoir. When
the monthly total rainfall increased, the monttdiat catch decreased. Rainfall tends to increatsd geer unit effort
directly. The effort statistics were also foundveoy during the year with the rainfall pattern. Diogthe possibility
of high CPUE, more fisher tends to engage in fighativities during the dry periods when the wadésel goes
down.

Sexuality, reproductive potential and the natueatuitment of fish increase with rainfall and coqsent water level
rise of inland water bodies. Non-random distribatend abundance of fish species reflect in thehcatatistics
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because of the seasonal variation of the year.hGats not distributed uniformly among rainfall béisspuarters
which was found to be significant for every specigimgerling stockingand concurrent withdrawal from fishing
activities during higher rainy seasons is commothetropical countries. Climate change and consefgjiaregular
rainfall pattern that shifting the heavy rainfatided quarter occasionally. This situation favouhedirrational way
of fingerling stocking and fishing activities indatly. Fishermen continued fishing throughoutykar not allowed
the stocked fingerlings to attain a suitable siage( at 1 maturity) in Vavuniya tank, Sri Lanka 2013.
Categorization of rainfall based quarters withie frear and respect to its catch statistics areuugsf efficient
aquatic resource management in inland waters. iRatiperceptive of climate change, resulted hydnoatic
factors and its influences on the fish biology aatthability will reach the maximum sustainablddie
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